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Abstract. The Haiti region – bounded by two strike-slip faults expressed both onshore and offshore – offers

a unique opportunity for an amphibious drilling project. The east–west (EW)-striking, left lateral strike-slip
Oriente–Septentrional fault zone and Enriquillo–Plantain Garden fault zone bounding Haiti have similar slip
rates and also define the northern and southern boundaries of the Gonâve Microplate. However, it remains unclear
how these fault systems terminate at the eastern boundary of that microplate. From a plate tectonic perspective,
the Enriquillo–Plantain Garden fault zone can be expected to act as an inactive fracture zone bounding the
Cayman spreading system, but, surprisingly, this fault has been quite active during the last 500 years. Overall,
little is understood in terms of past and present seismic and tsunami hazards along the Oriente–Septentrional
fault zone and Enriquillo–Plantain Garden fault zone, their relative ages, maturity, lithology, and evolution – not
even the origin of fluids escaping through the crust is known. Given these unknowns, the Haiti-Drill workshop
was held in May 2019 to further develop an amphibious drilling project in the Haiti region on the basis of
preproposals submitted in 2015 and their reviews. The workshop aimed to complete the following four tasks:
(1) identify significant research questions; (2) discuss potential drilling scenarios and sites; (3) identify data,
analyses, additional experts, and surveys needed; and (4) produce timelines for developing a full proposal. Two
key scientific goals have been set, namely to understand the nature of young fault zones and the evolution of
transpressional boundaries. Given these goals, drilling targets were then rationalized, creating a focus point for
research and/or survey needs prior to drilling. Our most recent efforts are to find collaborators, analyze existing
data, and to obtain sources of funding for the survey work that is needed.
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Introduction

Haiti-Drill, an amphibious drilling project workshop, was
held in Plouzané, France, from 20 to 22 May 2019. The
workshop was funded by several agencies, namely the MagellanPlus Scientific Steering Committee (SSC), the Interdisciplinary School for the Blue Planet (ISblue) program of the
Université de Bretagne Occidentale, the Finistère prefecture,
the Institute Français de Recherche pour l’Exploitation de
la Mer (IFREMER), and the city of Brest, France. It is the
second workshop held for developing an amphibious drilling
project along the two strike-slip faults existing at the northern boundary of the Caribbean Plate in the Haiti region. The
first MagellanPlus workshop was held in France from 26
to 28 October 2015 after preproposals were submitted earlier that same year to the International Continental Drilling
Progam (ICDP) and International Ocean Drilling Program
(IODP). A full amphibious drilling proposal has not yet been
submitted following the 2015 workshop. Moreover, the leadership of the project, which was initially the French Institute
of Petroleum Energies Nouvelles (IFPEN) and Centre Nationale de la Recherche Scientifique (CNRS), has changed
to the IFREMER. Since the 2015 workshop, additional work
has been done, which includes a marine deep-coring experiment (Haiti-BGF, 2015) and onshore experiments (2017,
2019); further analyses on data from marine field campaigns
(Haiti-OBS, 2010; Haiti-SIS, 2012 and 2013) and onshore
field campaigns (2014, 2015); and multichannel seismic acquisition in Lake Azuei (2017, http://projectlakeazuei.org,
last access: 10 February 2020). These studies have fostered
new partnerships for understanding both of the active strikeslip faults that surround Haiti and have provided new insights
for prospective drilling.
Reviews of the 2015 preproposal recommended developing a stronger alignment between the objectives and drilling
sites and also recommended developing a clear scientific and
globally important link between the onshore and offshore
targets. Thus, the primary purpose of the 2019 Haiti-Drill
workshop was to identify scientific questions that link the
onshore and offshore targets, based on recent results, and
to enlarge the scientific participant pool. During the 2.5 d
workshop, 34 participants from nine countries discussed
recent scientific results from land and sea surveys and
their implications for the development of an amphibious
drilling proposal. Many of the participants in the workshop
had never participated in a deep-drilling project before.
Thus, one session focused on learning from past drilling
experiences onshore and offshore, namely drilling strategies
(e.g., management, technicalities, and policies), how to
develop a successful drilling proposal, funding a drilling
project, etc. In this article, we present the tectonics of the
Haiti region and our research interests for an amphibious
drilling project in the northern Caribbean, as well as research
opportunities and our long-term plans for developing the
project. The full agenda of the Haiti-Drill workshop is
Sci. Dril., 28, 49–62, 2020

available at https://wwz.ifremer.fr/gm/Activites/Colloques/
Haiti-DRILL-Magellan-Plus-Workshop-May-20-22-2019
(last access: 11 July 2019).
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Seismotectonics of western Hispaniola

The Gonâve Microplate is one of several blocks that make
up the diffuse northern Caribbean Plate boundary, separating the Caribbean Plate in the south from the North American Plate in the north (Mann and Burke, 1984; Mann et
al., 1995, 2002; Symithe et al., 2015; Calais et al., 2016).
In the western part of this region the geological setting is
strongly controlled by two strike-slip fault systems (Burke
et al., 1978). These crustal-scale seismogenic fault systems
bound a spreading center and oceanic lithosphere (Rosencrantz and Mann, 1991) and also transect and displace lithosphere affected by arc volcanism and flood basalts (Mann and
Burke, 1984).
The existence of the Gonâve Microplate has been supported by seismicity along the two left lateral strike-slip
faults of the northern Caribbean Plate boundary (e.g., Calais
et al., 1998, 2010). The Gonâve Microplate is bounded to the
south by the Enriquillo–Plantain Garden fault zone (EPGFZ),
to the north by the Oriente–Septentrional fault zone (OSFZ),
and to the west by the mid-Cayman spreading center (MCSC;
Fig. 1). Geodetic slip rates are similar for both the EPGFZ
and OSFZ; however, the velocity vector is parallel to the
along strike of the OSFZ, while for the EPGFZ the velocity vector becomes more oblique onshore Hispaniola and to
the east (e.g., Symithe et al., 2015; Saint Fleur et al., 2015;
Calais et al., 2016). Oblique convergence along the EPGFZ
is also expressed geologically as en echelon folds and thrusts
adjacent to its main trace (Wang et al., 2018). The eastern
boundary between the Gonâve Microplate and Hispaniola
consists of a diffuse zone of deformation trending northwest–
southeast (NW–SE) through western Hispaniola (Benford et
al., 2012; Symithe et al., 2015, 2016; Calais et al., 2016;
see Fig. 1). Shortening between the eastern Cayman margin and Hispaniola is thought to be accommodated through
a fold-and-thrust belt known as the Trans-Haitian fold-andthrust belt, which is sandwiched between the eastern segments of the EPGFZ and OSFZ (Pubellier et al., 2000). However, Wang et al. (2018) suggest there is no active folding
in the Trans-Haitian Belt – only active faulting and folding
along the trend of the EPGFZ. Near the Trans-Haitian Belt,
the trace of the EPGFZ disappears, bringing into question
whether this wedge zone is where the EPGFZ terminus is located, or if, instead, the EPGFZ is more deeply rooted without a surface expression that might connect with the Muertos
Trench (Pubellier et al., 2000 and references therein). Furthermore, the EPGFZ and OSFZ strike-slip faults are characterized by alternating seismic activity on each of the fault
strands (Ali et al., 2008), with historical and paleoseismic
records dating back some 500 years (e.g., Bakun et al., 2012;
https://doi.org/10.5194/sd-28-49-2020

C. Aiken et al.: Haiti-Drill: an amphibious drilling project workshop

51

Figure 1. Map view of the Caribbean Plate northern boundary. (a) Geodynamic setting. GPS velocities (red arrows) with reference to a

fixed Caribbean Plate are from DeMets et al. (2010). (b) Geodynamic setting of the northern Caribbean. Dashed lines delineate the Gonâve
Microplate and Hispaniola, Puerto Rico–Virgin Islands and North Hispaniola blocks. Blue dashed lines and corresponding GPS velocity
vectors are from Calais et al. (2016), while black dashed lines and corresponding GPS velocity vectors are from Symithe et al. (2015).
Velocity vectors indicate the motion of the southern (western) boundary with reference to northern (eastern) boundary. Faults are modified
after Leroy (1995). Caribbean–North American plate motion is from DeMets et al. (2010). Abbreviations are as follows: LA – Lesser
Antilles; SCDB – South Caribbean deformed belt; SIFZ – Swan Island fault zone; MCSC – mid-Cayman spreading center; OSFZ – Oriente–
Septentrional fault zone; SDB – Santiago deformed belt; NHDB – North Hispaniola deformed belt; MP – Mona Passage; PRT – Puerto
Rico Trench; MT – Muertos Trough; HFTB – Haitian fold-and-thrust belt; EPGFZ – Enriquillo–Plantain Garden fault zone; HB – Hendrix
pull-apart basin; WFZ – Walton fault zone; D. R. – Dominican Republic; P. R. – Puerto Rico; V. I. – Virgin Islands; and PRVI – Puerto
Rico–Virgin Islands block. Modified from Wessels (2018).

Figure 2. Historical earthquakes along the Caribbean Plate northern boundary. (a) Selection of historical and recent earthquakes. Focal

mechanisms in gray are historical (Mw > 7.0; pre-1900) earthquakes, and focal mechanisms in black are recorded earthquakes (Mw > 5;
post-1900). Sources: Van Dusen and Doser (2000), Wiggins-Grandison and Atakan (2005), Ali et al. (2008), and the International Seismological Centre (2014; Mw > 5; 1976–2014). (b) Earthquakes of Mw > 6.5 in northern Hispaniola between 1500 and 2016. Earthquakes, in
green, from northern Hispaniola and possibly linked to the offshore OSFZ and subduction at the NHDB. Earthquakes, in red, from southern
Hispaniola and possibly linked to the EPGFZ or underthrusting at the MT. Sources: McCann (2006), ten Brink et al. (2011), with magnitude
on intensity scale (Mi), International Seismological Centre (2014; National Earthquake Information Service – NEIS), and International Seismological Centre (2014; global centroid-moment-tensor – GCMT). Note the magnitude difference for event 1751b between McCann (2006)
and ten Brink et al. (2011). Modified from Wessels (2019); same notation as Fig. 1.
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Prentice et al., 2010; ten Brink et al. 2013). It remains unclear, however, whether pure strike-slip earthquakes larger
than M 6.0 have occurred along the onshore trace of the
EPGFZ (Wessels, 2019), although small stream offsets are
inferred to be a result of historically reported 18th century
earthquakes with an estimated magnitude of 7–7.6 (Prentice
et al., 2010; Fig. 2). In addition, recent trenching efforts have
also suggested that the EPGFZ is capable of producing magnitude > 7 events, at least to the west of Port-au-Prince (Saint
Fleur et al., 2020). Comparatively, trenching efforts along the
Septentrional Fault in eastern Hispaniola suggest that events
of magnitude ∼ 7 occur at least every 800 years (e.g., Prentice et al., 2003), while others suggest recurrence intervals
of just 300 years along northern Hispaniola (ten Brink et al.,
2011).
Recent onshore and offshore surveys indicate that the
EPGFZ and OSFZ are complex fault zones; they are highly
segmented by pull-apart basins and have multiple splay
faults, as evidenced by flower structures observed in seismic reflection profiles (e.g., Calais and Mercier de Lépinay,
1995; Leroy et al., 2015; Corbeau et al., 2016a; Ellouz et al.,
2013; Ellouz-Zimmermann et al., 2016; Wessels et al., 2019;
Wessels, 2019; and Saint Fleur et al., 2020 and references
therein). Mechanically, the EPGFZ and OSFZ display various behaviors, with some segments having the potential to
produce large uplift from big earthquakes (e.g., Hayes et al.,
2010; Hashimoto et al., 2011; Symithe et al., 2013) and others producing deep, slow creep near the Mohorovičić (Moho)
discontinuity (e.g., Peng et al., 2013; Aiken et al., 2016; see
Fig. 3). However, no observable shallow creep has been expressed either geologically or in the infrastructure at the surface. In 1842, a major earthquake also occurred along the
OSFZ offshore, which destroyed the cities of Cap-Haïtien
and Port-de-Paix due to shaking and an induced tsunami
(Scherer, 1913; Fig. 2). In 2010, Haiti was struck by a moment magnitude 7.0 earthquake near Port-au-Prince that led
to one of the highest earthquake death tolls ever recorded
(> 235 000; Gailler et al., 2015). The tragic 2010 earthquake
produced a tsunami due to coastal landslides (Hornbach et
al., 2010; McHugh et al., 2011) but did not rupture the main
EPGFZ fault segment in this area. The earthquake initiated
on the blind north-northwest (NNW)-dipping Léogâne thrust
fault, which lies just north of the EPGFZ and merges with
the EPGFZ at depth (Calais et al., 2010). It is one of the
en echelon structures that accommodates transpression along
the EPGFZ (Saint Fleur et al., 2015; Wang et al., 2018). The
2010 earthquake highlights that stress along the EPGFZ zone
is distributed among a network of faults and not a single fault
plane. More recently, two earthquakes – with a magnitude
5.9 and 5.5 – occurred on 7 October 2018 along the OSFZ,
just northwest of Port-de-Paix in the northern Haiti peninsula (Fig. 3). These moderate-sized earthquakes, occurring
near the 1842 ruptured area, also produced thrust components based on results published in the Harvard CMT catalog.
However, their relationship to the OSFZ remains unclear.
Sci. Dril., 28, 49–62, 2020
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3.1

Workshop discussions
Recent surveys and results

Since the 2010 earthquake, a series of scientific surveys have
been carried out. These include a marine deep-coring experiment (Haiti-BGF, 2015), marine field campaigns (HaitiOBS, 2010; Haiti-SIS, 2012, 2013), onshore field campaigns
(2014, 2015, 2017, and 2019), and short cores and multichannel seismic acquisition in Lake Azuei (2017). Marine campaigns passively recorded the aftershocks of the 2010 Mw 7.0
earthquake, made high-resolution bathymetry maps, sampled
sediments and fluids, and measured heat flow over the offshore western Hispaniola region. Seismic profiles from the
Haiti-SIS and Haiti-SIS2 cruises in the vicinity of the EPGFZ
and OSFZ conducted after the 2010 earthquake demonstrate
that the EPGFZ is separated into ∼ 100 km long segments
bordered by steep walls (Leroy et al., 2015; Corbeau et al.,
2016a, b).
Actively expelled fluids (including gas) with a partial mantle origin have been documented along the onshore prolongation of the OSFZ and EPGFZ (Ellouz-Zimmermann et al.,
2016). This seepage activity may significantly modify the
thermal regime of the onshore fault segments. Offshore Haiti,
heat flow measurements collected during the Haiti-SIS cruise
provided constraints on the regional conductive heat flow
(Rolandone et al., 2020). In that study, heat flow estimates
from in situ measurements and bottom-simulating reflector
depth suggest a regionally low heat flow in the western Hispaniola region, respectively 46±7 and 44±12 mW m−2 , with
locally high values exceeding 80 mW m−2 . High values were
only found near the large strike-slip faults system (OSFZ and
EPGFZ) or near smaller reverse faults. Because conductive
mechanisms (shear heating and heat refraction) cannot explain heat flow values as high as 100–180 mW m−2 , Rolandone et al. (2020) propose that fluid circulation might be the
source of the fault-related high heat flow values.
Onshore, the Trans-Haiti project (2013–2014), a 27 station
temporary passive seismic experiment, was conducted to determine the crustal thickness and bulk composition along a
north–south coast-to-coast transect in eastern Haiti (Corbeau
et al., 2017). Other onshore field campaigns include stratigraphic analysis and geological mapping, kinematic measurements, and sampling of along-fault fluids to investigate
tectonic evolution, fault architecture, and paleo-fluid circulation patterns (IFPEN field campaigns, 2014, 2015, 2017).
The Lake Azuei project (2017) collected a tightly spaced grid
of multichannel seismic and Chirp subbottom profiles over
the entire lake to image tectonic structures and also recovered
three short cores for age constraints on stratigraphy. These
data are intended to characterize how plate motion is partitioned between the strike-slip EPGFZ and compressional
structures of the Trans-Haitian Belt, and some results from
these surveys were presented at the 2019 American Geophysical Union (AGU) Fall Meeting (Charles et al., 2019; James
https://doi.org/10.5194/sd-28-49-2020
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Figure 3. Recent seismotectonics of the northern Caribbean region and offshore survey plan. Red beach balls – earthquake focal mechanisms
from the Harvard centroid-moment-tensor (CMT) catalog from 1976 to 2019; yellow stars – slow slip and/or tremor observations (Peng et
al., 2013; Aiken et al., 2016); red profiles – proposed transects for the Haiti–TWiST cruise (see Sect. 4). The trace of the EPGFZ terminus
east of Port-au-Prince, while illustrated, is actually unknown. Boxes show the locations of panels in Fig. 4.

et al., 2019). The seismic data revealed that a shallow gas
front obscures much of the flat-lying turbiditic infill of the
lake floor, but structures are well resolved closer to the shore.
Profiles imaged a set of subtle EW-trending en echelon folds
at the southeastern (SE) corner of the lake; although these
folds may be associated with the presence of the EPGFZ,
the seismic profiles did not image any fault scarp or stratigraphic offset. A NW-striking monoclinal fold, as wide as 3–
5 km, extends along the western shore of the lake, possibly
the expression of a southwestern (SW)-dipping blind thrust
fold. In addition, Aiken et al. (2016) discovered slow slip in
the form of tectonic tremor on the deeper extension of the
EPGFZ onshore using passive seismic data collected during
both onshore and offshore campaigns (Haiti-OBS 2010) that
recorded the aftershocks of the 2010 Haiti earthquake.

3.2

Scientific perspectives

Our overarching research interest is to provide evidence that
benefits seismic hazard assessments for the Hispaniola region.
Important input parameters for seismic risk assessment
include, amongst others: (a) fault characteristics, to determine the potential energy that can be released by a
seismic event and the possible location and depth; (b) the
geology and geomorphology of the area, to assess ground
motion amplification, liquefaction, tsunami, and landslide
potential; and (c) demographics and construction quality, to
https://doi.org/10.5194/sd-28-49-2020

determine how many people are at risk and what structural
loads buildings in the region can withstand. Key aspects
for understanding the seismogenic behavior of faults are
the fault architecture and fracture network, rheological
and mechanical fault parameters, and fault fluid and gas
plumbing system. These parameters can then be combined
with recurrence events from paleoseismic and historical
earthquake records, and geodetic slip rates, to determine
the seismogenic behavior and structural maturity (e.g.,
Perrin et al., 2016). These types of fault characteristics have
already been investigated in at least three strike-slip fault
drilling expeditions, funded by the ICDP, namely the Nojima
Fault in Japan, the San Andreas Fault in the USA, and
the Deep Fault Drilling Project (DFDP) along the Alpine
Fault in New Zealand (https://www.icdp-online.org/projects/
world/australia-and-new-zealand/alpine-fault-new-zealand/
details/, last access: 29 December 2019).
The Nojima Fault ruptured in the 1995 MJMA = 7.2
Hyogo-ken (Kobe) earthquake, resulting in 6400 casualties
(Famin et al., 2014). Activity on this reverse dextral strikeslip fault (Boullier et al., 2004) dates back to ∼ 56 Ma (Murakami and Tagami, 2004). The Nojima Fault was the target
of the 1995 Nojima Fault Zone Probe project, which sought
to examine the physical and chemical processes immediately
following the 1995 Kobe earthquake (Ando, 2001) along the
Nojima Fault of Japan, which is thought to have already
initiated at least ∼ 56 Ma (Murakami and Tagami, 2004).
This expedition successfully drilled three boreholes at depths

Sci. Dril., 28, 49–62, 2020
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of 500 m (pilot hole), 800 m (passive monitoring hole), and
1800 m (fault penetration hole). A seismometer and thermometer were placed into the deepest borehole, which penetrated the active Kobe Fault, and water was injected into
it to trigger seismicity. The drilling expedition resulted in
a geological and geophysical reconstruction of the structure
and evolution of the Nojima Fault, the identification of the
maximum regional compressional stress axis, induced microearthquakes, and measurement of fault width from cores
(e.g., Famin et al., 2014, and references therein).
The San Andreas Fault (SAF) is a dextral strike-slip system with a displacement of around 200 km that initiated
∼ 5 Ma (Darin and Dorsey, 2013). Geological slip rates are
estimated at 50 mm yr−1 (DeMets and Dixon, 1999), while
geodetic slip rates indicate a 48 ± 5 mm yr−1 (Bennett et al.,
1996) right lateral offset. The San Andreas Fault Observatory at Depth (SAFOD) project targeted the SAF in the early
2000s. The SAFOD drilling project penetrated three active
strands of the San Andreas Fault near Parkfield, California, a
segment of the San Andreas Fault that has produced at least
seven large-sized repeating earthquakes since the late 19th
century. The SAFOD project had two objectives, namely to
(1) investigate the physical and chemical processes that control deformation and earthquake generation within an active
fault zone; and (2) make near-field observations of earthquake nucleation, propagation, and arrest to test laboratoryderived concepts about the physics of faulting (Zoback et al.,
2011). A pilot borehole was drilled to ∼ 2.2 km depth near
the terminus of the creeping section of the Parkfield segment
to obtain geological and geophysical knowledge for the main
SAFOD borehole (e.g., Hickman et al., 2004). A total of 27
experimental deployments were also placed in the pilot hole
in preparation for a long-term observatory in the main borehole, which was drilled to a depth of ∼ 2.7 km (Zoback et
al., 2011). The results of the SAFOD experiment are numerous, but in general, the drilling project yielded a deeper understanding of the structure and physical properties of the
San Andreas Fault; the composition of fault zone rocks; the
stress, temperature, and fluid-pressure conditions that nucleate earthquakes; and the absence of deep-seated fluids in fault
zone processes (Zoback et al., 2011).
Based on results from previous successful ICDP strike-slip
fault campaigns, drilling the OSFZ and EPGFZ can provide
insight into, amongst others, the physical properties, geological evolution, and fluid-flow characteristics that are responsible for the seismogenic hazard along comparatively
young, transpressive strike-slip fault zones. Although different in kinematics, complexity, age, and lithology, portions of
the OSFZ and EPGFZ can both produce earthquake swarms
as a form of slow slip (e.g., Possee et al., 2019) and deep
creep in the lower crust (tectonic tremor; e.g., Peng et al.,
2013; Aiken et al., 2016). Yet, in the Windward Passage segment of the OSFZ, deep tectonic tremor has not yet been observed, and it is still not known if escaping fluids may exist
that may drive shallow earthquake swarms. In terms of physSci. Dril., 28, 49–62, 2020

ical properties, the onshore part of the EPGFZ is characterized by high angles between maximum principal paleostress
directions and the trace of the fault (Wessels et al., 2019),
signaling a weak fault zone. However, it remains to be shown
if fault weakness is observable when comparing earthquake
focal mechanisms from present-day passive seismic recordings to fault orientation. Fault weakness, as is typical for the
Nojima Fault and SAF (e.g., Famin et al., 2014), is either
related to a very low friction coefficient or to elevated fluid
pressures in the fault zone. The dominant lithology controlling the friction coefficient of the EPGFZ fault zone predominantly consists of mafic rocks (e.g., Wessels et al., 2019),
which are unfortunately only exposed in a very weathered
state at the surface. Samples of spring waters found proximal to the trace of the EPGFZ indicate a mantle component
(Ellouz-Zimmermann et al., 2016), but these diffuse sample
locations provide little insight into the fault plumbing system and fault zone fluid pressures. A receiver function study
has shown that the mantle is elevated near the presumed
EPGFZ (Corbeau et al., 2017), but tomographic studies did
not yield any strong evidence for the presence of fluids (Possee et al., 2019). Drilling, coring, and monitoring the OSFZ
and EPGFZ would result in fresh rock samples, in situ fluid
chemistry and pressure measurements, and stress measurements and seismic observations in the long term. Together,
these measurements provide important insights into the similarities and differences in the OSFZ and EPGFZ failure properties and, in turn, the seismogenic potential of these fault
zones. In terms of recurrence intervals for the pair of strikeslip faults, we certainly lack paleorecords dating more than
500 years for which deep drilling can provide insight into
their long-term seismic history. Pull-apart basins along the
offshore segments of the EPGFZ and OSFZ may record activity on these faults. In addition, seismogenic lake turbidites
(seismites) in lakes proximal to the onshore trace of the
EPGFZ can also give estimates of earthquake recurrences.
Structurally, there is the question of whether the eastern Culde-Sac–Enriquillo Valley portion of the EPGFZ terminates or
continues to propagate into eastern Hispaniola. At the very
least, geologic markers west of Port-au-Prince seem to indicate that the EPGFZ is eastward propagating (Saint Fleur
et al., 2020). In general, propagation of strike-slip faults in
heterogeneous basement terrains remains poorly understood.
Drilling the EPGFZ onshore at different segments may provide insights into the propagation and maturity of this fault
system.
Beyond the physical and chemical fault properties of
strike-slip faults and fault propagation, we also entertained
the idea that with drilling we could potentially identify
whether or not a seaway closure occurred at onshore Haiti
during the formation of the Cayman Trough. A paleo-reef
has been identified surrounding Lake Enriquillo in the Dominican Republic (Taylor et al., 1985; Mann et al., 1995).
However, there is no evidence for an equivalent reef around
Lake Azuei, for which the level is 50–60 m higher than Lake
https://doi.org/10.5194/sd-28-49-2020
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Enriquillo. It has also been suggested that there are marine
stages in both Lake Azuei and Lake Enriquillo at roughly
20 m below the lake bottoms (Wang et al., 2018), but this
has not yet been supported by coring data. There may be evidence of ancient shells, corals, and other marine organisms in
cores or samples recovered from deep drilling. These could
also extend the historical record of sea surface temperature.
Specifically, if a seaway closure has occurred, we might see
differences in benthic foraminiferal Mg/Ca records in Lake
Azuei, compared to those observed along offshore segments
of the OSFZ and the EPGFZ, as have been observed in a previous seaway closure study (Lear et al., 2003). Lake Azuei,
which lies between two high mountain ranges (> 1500 m),
also provides an opportunity to address the question of how
surface geology changes with climate (e.g., Whipple and
Meade, 2006). Lake Azuei may even hold archaeological evidence of the time when humans first arrived on Hispaniola.
Clearly, there are many interesting questions to be asked
and explored in the western Hispaniola region, both onshore
and offshore. However, we determined two primary research
goals for drilling as follows:
1. The nature of young fault zones – does fault weakness
exist equally at different segments of the fault zones?
What mechanisms control the occurrence of destructive
earthquakes that can generate landslides and tsunamis?
How are fluids linked to tectonic, thermal, and biogeochemical processes?
2. The evolution of transpressional boundaries – how do
landscapes, hydrology, thermal regimes, and climate interact? How are atmospheric processes and lithospheric
processes linked to orogeny? How do stress, strain, and
fluid pressure conditions change along and across strike
of juvenile, advancing transpressional fault systems?
3.3

Drilling perspectives

During the 2015 workshop, six drilling targets – three offshore and three onshore sites – were selected. These sites
are the Windward Passage basin along the OSFZ offshore
(Fig. 4a), the Navassa Basin along the EPGFZ in the Jamaica
Passage (Fig. 4b), the Jérémie Basin just north of the southern peninsula, Lake Azuei (which may overlay the terminus
of the EPGFZ), the EPGFZ near the southern shore of Lake
Azuei, and the frontal thrust plane of the Matheux Range.
Participants at the 2019 workshop agreed that basins along
the OSFZ and the EPGFZ offshore remain ideal targets because they have been extensively surveyed (Haiti-SiS 2012,
2013) and require very little additional survey work. These
offshore target sites are located in the releasing bends of the
OSFZ and EPGFZ, where compression along the fault is expected to be lowest. Submarine pull-apart basins along strikeslip faults are capable of holding a wealth of paleoseismic
records, as has been evidenced along the North Anatolian
Fault system in the Sea of Marmara (McHugh et al., 2006).
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On the other hand, the onshore targets identified during the
2015 workshop may not be suitable because the EPGFZ terminus fault architecture in the Lake Azuei region is still unknown, requiring additional survey work that may prove difficult. Thus, we discussed and rationalized three potential
sites for onshore drilling during the workshop. We elaborate
on these sites further below.
Along the EPGFZ, one potential target is near the Momance River, which follows the trace of the EPGFZ as it
enters the Léogâne delta plain (Fig. 4c). This locality is
∼ 20 km west of Port-au-Prince and proximal to the site
of the Mw 7.0 2010 earthquake. In this area, the EPGFZ
can easily be identified in the topography and is presumed
to be vertical or to have a slight southern dip. At this locality, the EPGFZ juxtaposes the Caribbean large igneous
province (CLIP) basement in the south against Miocene carbonate sediments in the north. Further west of the Momance
River, where the EPGFZ exits the fan complex, Hornbach
et al. (2010) collected Chirp high-resolution seismic profiles offshore, and Kocel et al. (2016) collected near-surface
seismic reflection profiles onshore. In that region, the fan is
known to be relatively thick and coarse grained with bouldersized limestones. However, we do not know the stratigraphy
near the Momance River site or if it may be more conducive
for drilling. Alternatively, we could consider a site just a few
hundred meters offshore where high-resolution seismic data
highlight the fault trace and where sediments have ponded
between patch reefs (Hornbach et al., 2010). The Momance
River site does provide a unique opportunity to drill through a
relatively mature part of the EPGFZ to take fresh samples of
the dominant crustal lithology (basalt) that this fault is penetrating and to take in situ pressure, temperature, and chemical measurements. In situ stress measurements will provide
insights into the loading of the EPGFZ as a result of the
2010 earthquake, and continued monitoring would provide
insights into the earthquake hazard that this fault poses. Samples from the EPGFZ onshore would be an ideal comparison
to samples taken from the EPGFZ offshore, as the EPGFZ
is thought to be an eastward-propagating fault (Saint Fleur
et al., 2020). Differences in fault weakness may be apparent between samples, as the fault may be more mature in the
west compared to the east. They could also be compared to
the OSFZ, which may or may not have developed simultaneously with the EPGFZ. The benefit of this site is that the
location and occurrence of the EPGFZ are certain, and the
drill rig can be placed directly on (weathered) mafic basement. This site also allows a direct comparison with the outcropping core of the EPGFZ in calcareous rocks in quarries
some 25 km eastwards along strike. It would require only
a limited site survey consisting of detailed geological mapping and stratigraphic observations and perhaps even passive
seismic monitoring. The difficulty with this site would be to
bring the material inside this river valley and to find a large
enough flat surface to install the drill rig. An alternative to
this site could be the southern border of Lake Miragoâne.
Sci. Dril., 28, 49–62, 2020
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Figure 4. Potential drilling sites (red stars) and alternates (yellow stars). (a) In a basin of the Windward Passage along the OSFZ offshore

the northern Haitian peninsula, (b) in the Navassa Basin of the Jamaica Passage along the EPGFZ offshore the southern Haiti peninsula and
(c) onshore near the EPGFZ terminus – one site on land and one site in Lake Azuei. At the potential Momance River site, west of Port-auPrince near the Léogâne delta plain, the fault trace is better defined and the fault is also more vertical. To the east, less is known. The trace of
the EPGFZ terminus east of Port-au-Prince, while illustrated in panel (c), is actually unknown, and the fault possibly dips south-southwest.
The site near the Léogâne delta plain requires less additional survey work and is preferred but difficult to link scientifically to the Lake Azuei
site. Multichannel seismic (MCS) data were acquired during Haiti-SIS and Haiti-SIS2 along the ship tracks, as shown in panels (a) and (b).

There are a few benefits to this site. Chirp high-resolution
seismic profiles (< 10 m) are available for Lake Miragoâne
(Wang et al., 2018) and a 17 m core that has been thoroughly
analyzed, reconstructing Caribbean climate change over the
past 10 500 years (Hodell et al., 1991). In addition, it would
be comparatively easy to bring the drill equipment in place.
The downsides are a thick alluvial sedimentary cover, less
knowledge about the stratigraphy and thicknesses, a less defined fault trace, and potential fisheries in the lake.
A second potential site is the EPGFZ on the southern shore
of Lake Azuei (Fig. 4c). Recent studies support a model
where a large fault is likely dipping south under the Montagne de la Selle (Saint Fleur et al., 2015; Symithe and Calais,
2016; Possee et al., 2019), with diffuse deformation accommodated by various sets of oblique-slip and strike-slip faults
(Wessels et al., 2019). Wang et al. (2018) suggest that the
EPGFZ in this area transitions closer to vertical and is deeply
buried. However, where this transition occurs is not exactly
known as seismicity in the region is sparse (e.g., Possee et al.,
2019), and seismic reflection surveys detailing the fault ar-
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chitecture are nonexistent. While there is no observable trace
of the EPGFZ, this area of diffuse deformation likely represents the tip of the advancing EPGFZ. Drilling through the
sequence of faults can provide insights into the distribution of
stress, strain, and pressure conditions of juvenile, advancing
fault systems but would provide less information about the
rheological parameters controlling the fault characteristics.
These characteristics could also be easily compared to characteristics observed offshore – along the OSFZ and EPGFZ –
to understand the differences between young fault zones and
their evolution. Located directly adjacent to Port-au-Prince,
investigating this segment of the EPGFZ would also benefit
earthquake risk assessments in the region. However, without proper control of the location, dimensions, and thickness
of splay faults, it would require a much more extensive site
survey, including detailed geological mapping over a wider
area, stratigraphic investigations, and possibly a seismic survey over topographically challenging terrain. Passive seismic
recordings could also elucidate the fault slip mode in this region – whether creeping or locked. A benefit of this site is
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that it can be relatively easily reached when approached from
the north, and it can be more easily combined with drilling
in Lake Azuei compared to a project further west of Port-auPrince.
A third potential site is located within Lake Azuei
(Fig. 4c). Lake Azuei, a brackish and perhaps anoxic lake
(Eisen-Cuadra et al., 2013), with depths down to 30 m (Moknatian et al., 2017; James et al., 2019), is an ideal drilling target for a multidisciplinary drilling project. Based on recent
short coring (namely, Project Lake Azuei), the sediment deposition is mostly continuous and undisturbed, and the fact
that the lake is wedged between two high, active mountain
ranges guarantees that it collects the by-product of mountain
erosion. Therefore, the lake likely contains an exquisite sedimentary record that can be used to study paleoseismicity,
paleoclimate, paleogeography, and possible even determine
when humans first arrived on Hispaniola. In terms of paleoclimate, drilling Lake Azuei can extend the Holocene climate
record in the northern Caribbean. Drilling here could also
confirm if erosional rates are linked to drought and humid
climate intervals and the influence of recent deforestation
on sediment flux. The area was an open seaway during the
Pliocene (e.g., Mann et al., 1984), but the timing of the closure of that seaway remains to be documented. Because Lake
Azuei is probably anoxic at its depocenter (Fig. 4c, yellow
star), it should preserve a pristine stratigraphy (not bioturbated). Its sediments may thus host a detailed climate record
and earthquake record and may also allow one to precisely
date the arrival of humans on Hispaniola based on detailed
pollen and charcoal analysis. Finally, Lake Azuei lies near
the presumed terminus of the EPGFZ, which may hold information about paleoseismic records. With influx from distinctly different sources (basements) in the north and south,
it is potentially possible to distinguish between earthquakes
triggering seismites in central versus southern Hispaniola.
Paleoseismic records from Lake Azuei would also make a desirable scientific link between drilling onshore and offshore
– giving historical records of earthquake activity along the
OSFZ and EPGFZ that can provide clues to the evolution of
the dual strike-slip system. Lastly, multichannel seismic profiles faintly imaged a deformation zone present beneath the
shallow gas front and that extends across a 2–3 km wide corridor paralleling the southern shore of the lake. However, it
remains unclear whether this deformed layer reflects faulting
and/or folding. Drilling into those deformed rocks may provide a useful test with respect to the competing models for
the nature of the EPGFZ in that area.

4

Future plans

The future of the Haiti-Drill project was discussed on the last
day of the workshop. It was agreed that there are three imperative tasks for producing a successful amphibious drilling
project in the western Hispaniola region. First, more prelimihttps://doi.org/10.5194/sd-28-49-2020
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nary work should be done, especially for the onshore sites.
Second, we need additional expertise to analyze existing
data and diversify the science related to drilling. Third, local
Haitian researchers and students must be included in smallscale projects leading up to the drilling proposal to build
training, understanding, and community support. We identified additional data, research, surveys, and scientists needed
in order to develop a future proposal. Finally, we created realistic timelines for both onshore and offshore projects.
Despite several oceanographic surveys conducted within
the last decade, some questions still remain about the architecture of the OSFZ and EPGFZ offshore. In particular,
the dipping angles of the OSFZ and EPGFZ target areas
are not well constrained, which is required for selecting the
ICDP and IODP sites. A marine deep seismic cruise proposal (namely, Haiti–TWiST) was submitted in September
2019 to investigate the structural and mechanical behaviors
of the OSFZ and EPGFZ offshore and target the offshore
drilling sites (Fig. 3) and was successfully classed as being a
top priority for scheduling from 2021. During this campaign,
we will conduct a wide-angle seismic reflection survey offshore Haiti, take heat flow measurements, sediment cores,
and sample interstitial fluids across the fault zones near the
drilling target sites to characterize the possible hydrothermal
system and make passive seismic recordings near the fault
zones to observe the different types of seismicity. The wideangle seismic survey will constrain the fault structure, sediment coring across and along the faults will help constrain
paleoseismic records, and fluid sampling will help to understand their origins and relationship with present-day seismicity on passive seismic recordings. Onshore, the 2017 marine
seismic survey of Lake Azuei revealed the presence of a diffuse gas front in the shallow sediments, except for its deepest
basin floor. A deformation zone is visible below the gas front
along the presumed extension of the EPGFZ in the southern part of the lake (Charles et al., 2019). Although, at this
stage of data processing, it remains unclear whether that deformation zone reflects folding or faulting. If deeper pockets
of pressurized gas exist, this would prevent drilling for safety
reasons.
The other potential onshore targets, south of Lake Azuei
and along the Momance River or the alternative site on
the southern border of Lake Miragoâne require additional
site surveys. While the Momance River requires only limited additional geological mapping and refining of the local
stratigraphy, Lake Miragoâne and the onshore site near Lake
Azuei’s southern shore require extensive site surveys; additional reflection seismics to determine the location and geometry of the faults necessary for developing a drilling plan
are needed. However, at present, we have no single onshore
site that is preferred because there have not been any multidisciplinary studies conducted at any one site that can support drilling at this time. If survey work is successful, we
would prefer to target Lake Azuei and land near the southern shore of Lake Azuei as these sites would be more easily
Sci. Dril., 28, 49–62, 2020
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linked due to their locations and because Lake Azuei offers
a potential wealth of multidisciplinary data. However, near
the southern shore of Lake Azuei, topography may present
a problem for site surveys. We are currently in the process
of planning a multidisciplinary onshore survey project for
submission to the Agence Nationale de la Recherche (ANR)
for funding. The project will target sites west of Lake Azuei
and near the Momance River so that we can choose the best
drilling location. Surveys will be conducted in collaboration
with scientists from the Université d’Etat d’Haïti. The surveys will serve as fieldwork opportunities for Haitian students from the Université d’Etat d’Haïti. However, finding a
sufficiently powerful seismic source to conduct a seismic reflection survey with a penetration depth > 1 km will likely be
more challenging.
While more data need to be collected to justify drilling
offshore, there are also many research opportunities for organic and/or inorganic geochemists, sedimentologists, paleoseismologists, paleoecologists, and biogeochemists to explore existing data and/or participate in the future drilling
project. For example, 2 ∼ 80 cm long cores were collected
in 2017 from Lake Azuei (http://projectlakeazuei.org, last
access: 10 February 2020) with several intervals that have
been dated with radioisotope methods (Cormier et al., 2018).
Some cores offshore were taken during the Haiti-BGF and
first Haiti-SIS cruise, but the data were insufficient to decide whether fluid is escaping or not. Cores from these campaigns were scarce and often short and did not provide any
fluid geochemistry indicative of strong circulation. However,
this of course does not prove that there are no fluids escaping along fault offshore. Other investigations, e.g., acoustic
measurements in the water column, are needed to find places
where seeps occur and other and longer cores, if possible –
something we aim to address in the Haiti–TWiST marine
campaign. Onshore, there is evidence of advected mantlederived fluids, but more samples are needed to assess the
temporal variability. We are also searching for additional researchers to assist with developing the paleorecord from the
short cores (onshore and offshore). Moreover, this project is
a unique opportunity for paleoclimate studies as Lake Azuei
lies between two topographic highs and likely has erosional
deposits. In particular, Lake Azuei appears to be anoxic at its
depocenter, which makes for an ideal drilling target for paleoclimate studies. It may also be archiving key markers (such
as maize pollens) that may have recorded when humans arrived in Hispaniola.

which makes drilling in the western Hispaniola region ideal
for not only expanding our understanding of the physical and
chemical properties of strike-slip faults at different stages of
maturity but also for providing samples of a potentially propagating fault system.
During the 2019 Haiti-Drill workshop, we discussed
themes such as the evolution of transpressional boundaries
– how landscapes, hydrology, thermal regimes, and climate
interact – and the nature of young fault zones. We identified
key questions that link the onshore and offshore segments
of the dual strike-slip system and made some preliminary
drilling-scenario plans. Our research goals are largely related to seismotectonics – understanding how the OSFZ and
EPGFZ strike-slip faults have evolved and their characteristics – how have they behaved in the past, how they behave
today, and what controls that behavior. We have yet to decide how we will approach drilling – whether drilling through
faults is possible or if we must drill next to the faults. Deciding this requires additional research, surveys, and expertise. In particular, high-resolution, wide-angle seismic reflection, geological mapping, heat flow measurements, and additional coring need to be done to enhance our understanding
of the architecture, hydrothermal systems, and paleorecord
of the region prior to deeper drilling. At least one deep marine survey has been planned, and funding for onshore surveys is currently being sought. At present, there are existing
cores and seismic data that need additional analyses. We are
specifically interested in enlarging the scientific team to help
with additional analyses, future field work, and the long-term
development of the full proposal. Anyone interested in access to data or participating in the long-term development of
the amphibious drilling project is invited to contact Chastity
Aiken, the corresponding author.

Data availability. All data are from third parties. Data for Fig. 1

are from DeMets et al. (2010). Data for Fig. 2 are from McCann (2006), ten Brink et al. (2011), and the International Seismological Centre (ISC). Earthquakes listed in the ISC catalog
are openly available (http://www.isc.ac.uk, last access: 27 August
2020). Focal mechanisms shown in Figs. 2 and 3 are openly available from the Harvard Global Centroid Moment Tensor Catalog
(GCMT; https://www.globalcmt.org/CMTsearch.html, last access:
27 August 2020). Ship track information shown in Fig. 4 is not
openly accessible but is available upon request from the corresponding author.

Author contributions. NEZ conceived the idea for an amphibi-

5

Concluding remarks

The western Hispaniola region presents a unique opportunity
for an amphibious drilling project because it is bounded by
two active strike-slip faults with the potential for vertical uplift onshore and offshore. In addition, the EPGFZ and OSFZ
are both younger than previously drilled strike-slip faults,
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ous drilling project onshore and offshore Haiti. CA improved upon
the amphibious drilling project idea in this workshop report with
contributions from all authors. CA, RW, and FK collected the data
presented in Figs. 1–4. CA, RW, MHC, FK, AB, FR, WR, and NEZ
contributed to the writing of the paper. DB, KG, and RM provided
direction, advice, and feedback on this paper, which is necessary for
this future drilling project to be successful.
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